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This program was established through Robins Air Force Base/HMRREC 
to give preliminary "quick turn around" type information to the Air Force 
regarding three types of antennas. These antennas were purchased either 
under different specifications or from different vendors and are designated 
as AST 1503, AST 1492, andAM 423. The system that employs these antennas 
uses more than one in a balanced network; therefore, it is necessary that 
the electrical characteristics of each antenna be matched within the 
sensitivity of the system. Therefore, the goal of this contract is to 
measure the response of each antenna and furnish these measured patterns 
to the Air Force. 
However, the "quick turn around" nature of this contract does not 
allow extensive measurements of each antenna but rather selected measure-
ments that would be indicative of the overall trends. Therefore, engineering 
judgment was used to select which antenna configurations, polarizations, 
and frequencies would be measured. The antenna configurations selected 
for pattern measurements were: 
(1) azimuth plane - with radome, 
(2) azimuth plane - without radome, 
(3) vertical plane - with radome, and 
(4) vertical plane - without radome. 
Antenna patterns were recorded on each antenna configuration for (1} 
horizontally-polarized signals, (2) vertically-polarized signals, and 
(3) each of four frequencies designated as A+S, C, G, and K. 
The following section of this report will describe the measurement 
procedures, present the _data, discuss the results, and make recommendations 
for a more extensive analysis program. 
SECTION II 
HEASUREHENT PROCEDURES 
The Georgia Tech Phase Center range was used to record the appropriate 
patterns of the designated antennas for each test condition. The phase 
center range consists of (1) a table with a movable top that can be 
positioned by two orthogonal feed screws, (2) a turntable with a long 
boom for mounting the receive antenna, and (3) the appropriate signal 
source, receiving equipment, and pattern recorder. The phase center range 
measures the response of antennas by moving a receivin? antenna (mounted 
on and above the boom) on a circle about the test antenna. The received 
power is plotted as a function of the azimuth angle. Figure 1 is a 
schematic illustration of the phase center range and associated equipment. 
In order to set the isotropic level on each pattern and to correlate 
the antenna gain, the following procedure was used. 
1. A standard gain horn that is calibrated for the desired 
frequency was mounted on the phase center table and the 
RF leads connected. 
2. The precision waveguide attenuator was set to the gain of 
the standard gain horn. 
3. The receiver and recorder gains were adjusted so that the 
peak of the pattern of the standard gain horn was on the 
-10 dB level of the recorder paper. This procedure establishes 
-10 dB on the chart as the level of an isotropic 
radiator. 
4. The attenuator was reset to 0 dB. 
5. The test antenna was substituted for the standard gain 
horn and the desired patterns were recorded for that 
frequency and polarization. 
6. The standard gain horn was substituted for the test 
antenna and the attenuator was reset to the gain of 
the standard gain horn. 
7. The pattern of the standard gain horn was remeasured to 
insure accurate calibration throughout the measurements. 
If the peak of the standard gain horn i~ Step 7 was on 
the-10 dB level of the recorder paper, the data set was 















Figure 1. Schematic representation of test set-up on Phase Center Range. 
1{hen a run was completed, the range was configured for the next 
frequency, polarization, or test antenna, and the procedures were repeated 
until the measurements were completed. It should be noted that the phase 
center range turntable rotates in an azimuth plane only. Therefore, to 
simulate an elevation plane measurement, the test antenna was rotated 
90 degrees about its boresight axis; furthermore, the polarization of the 
receive antenna must be rotated in similar fashion. As an example, a 
vertically-polarized elevation plane measurement when rotated corresponds 
to a horizontally-polarized azimuth plane measurement. However to avoid 
potential errors, the polarization was recorded on the recorded pattern 
exactly as it was measured. Therefore, the test conditions labeled [V-cut, 
V-pol] in the top corner of the measured patterns simulate a vertical plane 
cut, horizontal polarization. The actual operating situation simulated 
by the measurement is noted on the labels that appear in the lower center 
of each measured pattern. 
SECTION III 
RESULTS 
The antenna patterns presented in this section in Figures 2-49 are the 
results of the measurements outlined in Sections I and II. As previously 
discussed, these patterns represent the oerfo~ance of the AST-1492, AST-
1503, and M1-423 antennas for the frequency ranges designated as A+O.S, C, 
E, and K. Each of these patterns were measured under the procedures 
described in Section II. These procedures fix the isotropic level for 
each pattern at the 10 dB level on the chart paper and thus each pattern 
can be compared relative to isotropic gain. Since the isotropic level is 
fixed at the same point on each pattern, all antenna gains can be determined 
by comparing the pattern levels as recorded on the chart paper. 
The patterns presented in Figures 2-49 are ordered first by frequency, 
then by antenna, polarization, and plane ~ut. 
1--++--l'--Jhl-f .. 
.. - T .1 r .. T -rrr]·· TI·· rnT 01n 1 PATIERN NO. DATE 
. -.
. ... -. . . . . . .. . I .. II f 11 L .-j- I . . . r Ll T T . r-t--+-t--t--1-H-- :_~~-~~~~T --------.( ~--~ --
- · - · ·· REMARKS l ( ..... 
I 
'- ~ 1 •'. ~ 
,.,. '- _, r', \'-
. TIT I . •· ++-Hf++++-i~~\ ~ ·; ·}:. l 1 
- · · · m r - c:r- · - ~- ~ \ ' · ·: 
r ,.~~~~ :~+~~~~~-~~~~~~~~~ .~~~ .~-~~~~~-~~:~~~~,~~~~~~~~~_.~~~-~~-~-+- -~+-~~-+~-~~-~~~~~·~- . ~--H~-~~~~- -~~-+~~-~~~~ 
m~mm .. mlr tttmttt11 _ _ H--+-t-+-+-l-++~1-1-+-t .. I __ ,~~~"\~"f-t~~-"-F-~""''~~ t · !--+-+-+-++--+-+-++-++- _-+--,. H-+-+--t-+--t-1-~~-+--H--+ __ -H __ f-+_ +++-+-
... -- ~ b-r- - --
-+-+-+-+~++++++-+++-+-+-+~-+-+-t-J-+-t-+--+-1H-t-H-+-H-t-t-l-+-+-f-+-++-l--+--f--1~-+-++--H·- 0:: 2 0·+++++++-+-+--J-H--++++++-+++-1--1--1-+4-+-~1 +++-t-1-++++-
~ II - - I 
~-- -- - -- - -- ~ -·2r ---
- - I . ,_ . · - - J - . . '~ Ii ,- 1--++-t-t-t-+-+-++-+-+-+-+-+-H-+-t--t--+_ -l---++-t-+-H·-+-+--1-t-~ 
F i g u r e 2 . Ant en na pat tern for : _ _ . . . , . __ b . ·+-+-+-,1-+-f-t--+-i-+-+-+-+-++-+-+ +-r-t-+-J·-+-+-+-i-+-++++~-+--> 
k j
1 
1 . . . . L .. j-t-t-t-+-t-t-t++-t-t-H-t-t-+++-++++++++++-r k. .. . . 
-- ... 
1--+--hHJ !HH~---t-+-1-·~ -+-+-+-l- ---~+-+-t-++ I-+· t-J-+-+-++--1- -i -+-+--!-+--+--++-;-
I I . I 
-------WITHOUT RADOME 
+-++~:t'~f--i - ·++-t-+-++t-t--t--H-+-1-++-1 
- ' .. . -~- -
H-+-1-+HH-t-1'--t--H- H-1-H-H--+-1--1--+-J.-+ 
_ ANTENNA .... • JLM 'f 2 J ·r- rl· .. __ ____ __ 
FREQUENCY •• . -;r:[Q.S 
POLARIZATION {VERTICAL lzr •-r-i-~i-+-+-t-t+-+-++-+-+ 
HORIZONTAL 0 





~ - -H + t-++t-++t-+++++++t--t+-1-+-t+-t-t-++-t+-t-t-t--t-+-+-' 
{ - . .. ·++++t-t++++++-t-t-+_ -- - +++-+-+++-1-H-+++t-+-+-H--t-
n •11- ·+-+--H-+-t+-~i- r ·~at . . . F~~~' 
~~~~-~~~~~~~~-~~~~~~~~~~~~36~~~-~~~~~~L~~:~ 40~~tq~s~~~~~~~\~14~~~~-~~~ ANGLE I I C:tiAAT NO . 121 
t-t+-t-l-'1!-++-t-++-+-+-H-++++-t + +++++H :--r-t-i-++-t--t-1 ---WITH RADOHE 
0 
6 
-le- -. 01 
1tf 
40 !l:zr .. 
t-+-t--+-+-t--t-1- +-+-+~H-+-+- +-+-l--1 -+J+-+++- 1--f -




. . ~: · I 
( 

















1 -I ~ · - -
l 
-
~ 1- " 
I lr I l 
40 I f7~ B6j0 
12 - -·H-+-'H-+-1 +-++-+-1-++t-t-t-t-r 1 
1-++--1---i+-+-i-










. -- -1-+-+-i-+-H·· 
ANTENNA. • • • • . A M t2 3 
FREQUENCY •• • ·{!0. 0 
POLARIZATION VERTICM~ 
- HORIZONTAL 
- £L£VATION PLANE CUT 






- - +-12J-f-H-l+-~+-t-H+++-t++-!-++-H++-+++t--f+-H----+-t--,l-++~ 
.L.l 
u 
. e. . I · - -
-










. - I 
. . !AI-++-+-+++-+·+-t-1H--t-l-t-t-+++++-+-+-t-i'--l-+-t-++++-+++-+-+-HI-+-' 
-
I 




I lJ~::::::<--+---1;-1-~-t-IJ -~ -+-t - h t-1-t-f~·::J:~l:oi::::--:::··=J :._._·+4 ._.·H~'-'-o+ ~t-+·· '-'-·+· ..&....1-H ~+·..L.J·H·_._·+·=· :- ::~i 





n rr·!- -~r-- ]TiT1~ -T T WT lrTIOIT 
l --_-  --. l_ ~~ Tit 1.2[111 .-fl-1-H-+++-H 
- - -- 1 - - - - -- -1+1-1--+-1++-r - - -_-- -- _- - - T~~ - -In_ -·_ .. . --- .. 
--.
[ -- -· - lr1 - T l I - · - ·r 
a_ --+-+~-++++-+-+-+++++++--+4--l-+-~++-· - - - - - - J t --r r -
-
l'l -LI ~-olr"'"' .. - . T >11+-r-+-t+++-+--l-.. +1-++-H-+++-H-+-1-++++-+++-++-+--H-+-+++-
f"' ~- ++-1-+-++·H--+-1 ++-·1-~-+-f-J.-+.-l-1~-+~l-+-'~·~~+-l-l-l-l--W·-+-· 1+-l-l--~++-~-!.~-l-~-kJ. - + l 
~ ~ -H,.t-r-+-nt-+~JI-+"'-+ +-1. -+- · .. ·1-+-+++++-i-l-l-~...,.--+++++-+ ~-+-+-1·++++++-1-1-i--l--+-+++-++ I• .f'~~) ~ r -~'"-~>--+--· +-+· · +~--1--4-+-+ 
~ ~JiOII.HY-1-++H-H++-+-H--+-+-+--l--++++++-1~++-+-H++++. +_• -+-1-- ~- _ . j.....l.. ·- " \~ I . . -
0
~· IB - -H-+-+- 1--H-+-+++-H++-++-+ H-H+~++-+-1~·+++-I--I-1-H-+-1+~H-+I-~ - - - -- - ~ ., H-Hr++++++t-H-t++++++-lY-1-++++-H-+-t+++-H-
. o I - -
t-:lU-t-t+-T--H+·r+-t++-t+t+H-t+++++-lf-H++++·t+H+t+t+t-l++-++++H+++H-++H-+-H-+++H++++H- -H-+--l--1.-+-++-+- ~- ·2.01+++-+++-!-H++H-l+++++-l--lH-H-++HH-+++++-1-++-+-
*.J-.+. .+++-· . l--'~-1---J..-l-l--+--+-~-+-l-1-1-1 > - - ~ J 1-1-1-.H -+-1-+-i-1-+-++--1-+++ 
- tlit -· - -1- - - r - -T - ~ ~ r·il-+++-++++++-H- ~-+++-4+++-1-1--1-+++~- t-
PATTERN NO. DATE 
I PROJECT I ENGRS. 
REMAI~KS 
J ~ ('· ' 4. 00 ri ~- , ~-1 . ~ ' , I -,, ( ·. : 
~-l~ "' -1.: ' ( I) .; .c . <)_ I oS ll .. 
"~"" 
q:_ 'j ~~' ' \• 
.) 
U\~> 
\\ ~ _,.,; 
"+ \ ' " -: ~ l .. .. 





~ . . 
0 
















-------WITHOUT RADOME I 
+++-~-+-+-++-!-·+-! - --WITH RADOME H-H-+++-+++-+-i+++++f-+-++++-H-+++++-+---~4-++-
J 
. ' . . - . . -
1 ~- I 
-
... - . 
.. -
J 
l:-1- - - l,j_ __ 
12° ,! 
40 ~:21 -








IP ANGLE I I 
. mr ~m ~~- .. --r· YT -'1T lJ 1 l~+[ Illlt'-t-i·++++-t-l_H--f- ~~-::: ·_o. J ----::~ D:...--.~ .. TE --i' 
I I I I ~ ~ -i. ~ \', 
- 6 - .. - - . -- -- - -· - ·1--t-- f.-+-i-+-+--+-1· I - -. .. . \II- . - . . .. [ - I -- I)~~ -- . ti i ti l ~ ~ ~ ~. ~- ~ ,~ ~ 
~~~·m~ ~~~1~,~~r~~~·~r~+~+~~· ·~~i~iT*-*~*-~-~-:~~.:lt r 1~ .- --- -~- - ~.r ·+~+~~~i=>~~'- ~!- ~ 
r I ~ ~~r.: r.- ··~r~ ..... -~ I I I I . . I ' I 
I ~~J;r·P • ++- t-t·++-r-·+-t -- .- .- ---f -_ .. ~~~-~.::;~~- '~--~ ~ ,: 1 . - , o·_. 21 - ~t-+~ -H-t-t-+++t+++-H-H'-+-++-t-++-t+++-t-+++1 +t-i-f~~ 
++.o++l.il.f-t,[ -++I +,..+- · f~ ~· I ··I·+ ++++++-H-+++-t-+++++++-+t ,-~ w;r•., . I • I 
~. IJ' ~ .. ~ I ~ .. .. ~ - • I 
·~~ ~ ~ ~ . I -1- +++-t-r++++- - -· . -· .. - r -- I I I - I ... , ~ ~+-i)f-~1-++++++-if-t-- t-+_+_ -~ -+++++, +tl -+++t+-t-t-+-1-+ .. -t-t-H'-t-1--t--t-t-'i 
+++++++-+-+++~~_, .. . t - I . - I - II 'r -I : 
+-+-HH-++~f-+++++HH-?-++--H-it-+-++· ++·1-~++-+-i-+-+-+++-t-f-+++-++-+-1-++ : U ,[!i j?+-+-r-+-+-++-1-+++++~H-++~~++-t-t-i-+-+-+-+++-+-+-11-:! 
i 
I I ~ I - - . - - - l I ' -1 - - ·- - -·- ~ FH-+-+-t-+++ 
t-+-f--t-H-t-+
1
+++ l++t-+++- j-n.+ 1 ~ - "i ~n + 1- r - ... -- - 3 ~ -f-+-f-+-t-t- t-+-+-t-~-t-+++-+-t-t-+-i-+-t-t-+-t-+++++ 
Figure 7. Antenna pattern for: I ~ ~~ · -
ANTENNA ..... Asr 11-9 2. _)_ I _ - ·l-~- - __ 
1
_ 
I FREQUENCY .. -~. 5 1 I .. . . .. I 
t-t-t--t+-++t+++·++ri-t--t-t+• POLARIZATION {VERTICAL ~ _ 30+++-tf-H-++-+-H-+++-H++-+++-t-++++++-H-++++-Hf-H-t-t1 
HORIZONTAL [] I 
-l-t-+-t-f-++-11-++-~+-if-++-H-+-+-1-1 AZ I MVTH PLANE CUT ' - . - -· - I ·- -•t. I . -------WITHOUT RADOME 
+++t4H-+-+-++-t--H-t- - - ·K-HI ++++++-l-i-t--t-t-+++-1 --WITH RADOME 
LLL_.__,_
1
f-+-H ~-~~ _L.L_L_. __ ::.LI -+-i~--_~rL_L_L=.~~lj~~l ~I I -· ·-
i~f -~~ "~" ~; T ~~ ~~~; ~f-+++-lf-+-++-+- I~{- -. . . . ~~1 - ri·+++t-HslH-+-H-+++++-H-t-f-++++FJ
4
+-+110- . 'I 
~.21 6(" 36,· 1:21· I ~a· ~ ,4 , 
AN()LE I I -i-L-J,._,ICLJ....HA,.~Y N.J.....J..o. ,~a, ~........__,_.,...L-"-'-~~.L..L...c;:••.l.....I..Nl' '....._.••c-....L...JATL~AHY~ .... IN4 
. .. -t 
1-++-HH-1 · -
Jt 




- ~ 0 
3: 
I 1 0 .B.. ~-' -· . ' 
1..&..1 I > 
i= ~· -
I -- :5 
- [ I 1..&..1 n:: ~-
! 
I 
' .. ~ ·- - - .. -
0 
i'l 
Tl I nnrm ]-~--- -~rTrrrr r 1-T ~ -omT PATIERN NO DAT~ 
l--1-+++-1-+-1-4 r H-1 J11 TIT 1 fl-·· 1 ·l11 - 1 ' T 1 _,_ - ( ··11 -~fw ·1--+-+-+-+--H~:~~:CT ~ "' 
I 
REMARKS , l '' 
I t I I :. ~ i 1 •'" 
-- -· - - - -- --- -- -
I 
~~~ra~ I I 
. - -~-+++-++-+lfl;;l ~ ~ I . .. • - • . . . I - irF:>"''i~t< - . . . .ll 
IJI - ,,..~ I ........ ~~t;:~ ~ 
!~ ~J~~-~,~~-~~~H-~·-~·~~~~+~-~~+ ......... 1. - --~~.,~~~ -- -~~~ -+H~~~~~~~~~~~ 
;'~~,~~,~~-+~~~~~~=::~-~-~- ~~~~~~-~~- ·r - - - ~\~e1H~-~~~: ~~ ~~~~~~~ 
I --
~ - - +4+-+--+++-- - - - - - ~T -I t --.1_- -__ [ - - ~ L •( 
~ 4 - I I . . r T l 1 ~f . . I - -~ I . -t-t++-+++-1 lrH-1-+++--If-++--+--++--H~--~-t=t-1--f--4++-~4-14--1 
o:: - I~ 
1 
_ J _ _ Figure 8. Antenna pattern for: _ _ _ _ ~ l - -t++-t·--t--i-r-t---r+++-H--+H--++-+-i-+-++++-H-++++-++-+-H 
1
: . - . - . .. - ANTENNA. • • • • • tl s T I'H 2 Tll -r-t-1-+ - t-++++-+-++-+-+--+-++--+-++--l-1--1- +--4-+---1---+-4- H-t-++-1--++--+-t-H 
FREQUENCY ••• • .8.:!:_0. 5 -- . - - rt 
POLARIZATION {VERTICAL 0 -- --
. -t-rt-1-·+++-i---1-+-++-+-+-• HORIZONTAL [R) 30T+-H-t·-t-++t-++++--t--H-+++H-++++-+-l-+++-++++-+++-4+-~ 
£ LEVII T I 01\1 PLlu'm CUT - - - - ~ ' --H++++-+-H-++++-H+++H-H+++-H-+++-+--+++--~-+-~---+---~ 
-------WITHOUT ~~OME 
t-+++++++~rt++~-H---+--!f-+t ---WITII RADOME 
') 









I - -- - - - I 
I 
- -
I II I I 
I 
- I r 




I I  
I 
I 





8 ---t 1r llJ~ 
·-
1:3t 
-·1-+-·' +-+-++-++-+-4- +-+ - l ~~ < 
&~~ ·- . n I~·· 
l I C,;tiAAT NO. 12t 
I I 
H t .t H - -+---v --- --q IL fl 36t 36t' 
n ANGLE 
~ rr 1 - I lT 1·· 1 l .. frr- Tr r-·1n · --~r ·jll 1r1Ttn I ~ - rr1111 1 fT r F --~~ ~J 1r l t - n ---I 1 ~~ · 1· - ~ r 1 i ! r 1 111 11 q 1 rf r ~ ~ 1- ln - ~-GR~-- ----------~ 
l , t ~ r- - - ~ r -- 1 l 1 1l~ - - - -I 1 - : Tj 1 ; It I l 1 rJ1 r ~- c - 1 REMA··~ t 1 ~ ? 
- i - t - - I I Ill j . -1 . ' I - II ' I . ! II II l"fiii - ~-1-+--1-1-4-----;-1~~  i ·,: ~.~ \ ~~ t - - 1 -1- - - - ~r - I - - - rl T t rT J · 11_1_1 r - - '<: - ~ , _ I , ,, -- -
- .• , - c.r-t="t-""""1 "'"'~:;... I j- -- I l r w ltr . -jJ~ . -- ' ~--~-- j<!>~l<~ I I _·!- _· - . i - I *,1:'~1:'" [:- >-t-i- : . . I. J 1 tl i- I - +-H++++-I~H-1-++++-+---1-+-+-1~4-++-+ 
"' ~ ~ , · ~-- r · · · -· · · - --~ -, r ~ ·, · - · " 1 + 
~~ A ,.-- . .. . H -.. - .. ~,~~ 61)_ -
~ ,, - - - , -- - -~ - t T - ~ rrj . .J--~-~- -+++++-J-}-+++++++++++-HL++-4 ++++++--; 
~ u I - T - I 1~ f? 
~ ~: 1-- - - - >-I- ' - -- -- ~~ - . j . j ~ >- I I . --11_ ~ 1[:t( ~ I I 
u:: I Figure 9. Antenna pattern for: I_ _ _ __ _ _ __ _ I~J- ~-~- ~-
6 - r t - - - . -- . - v I r 1-l-1-+4-+-+--f-+..~-+4-1-· 
-:! .·-· "'1--. I - - ANTENNA •••••• M T I Lf '1l ! ~ --t ,- [1,. ;- _I_ ~--~-!--l--++--1 FREQUENCY .... a.;t.,y.,; - - I li 
F-H-++-~--++++-~-~-+-+-1 POLARIZATION {VERTICAL Q _ _ _ ____ 30_ _ ·+-+++++++++++-H--+--++-1-+-+-+-+-+-HH+++-~----++++--' 
HORIZONTAL ~ i I 
++H-++ t--t--+-++-1 · 1-+-+-+-+-1 liZ/ !1 UT H PLANE CUT - ~ · 
I 























-------WITHOUT RADOME I .. -
--WITH RADOME _ _ _ - -+--++++-++-+-+-+-~~++++-+-+-+-
I 
- - -
- - ~+-+++-t++-+-+-,~+++++-1-:~ 
~40 - - ~: 
36° r/2'u 1(~8 °1 - i_ .~JJ,o -. J' ,. -1 _ o.lLl'.L . ..J,......I._I' ~~J....L.l.).....L...J.~L...I...L..L..L-.L...L...L...L..J......Lt 
c..;HAiiT Nu . 1~1 
r~-
~-++-+-+-~!-+ 
ANGLE I I 
8CtkNTlt"IC ·ATLANTA,II 
DATE --- -r·rrl·-~1-.. -rlr.-rrr I' 11jiT ITl_· ~ - -n_ --·- r·l~ir[1-'"--'---'-'----'--'-t-l-r++--+-i:~~~~~~ NO. 





1- r t 
1 
~ 1 -~-~ ENGRS. 
I -1·++++-l-+++++1 r . I . T -1 I II rr ., , I' I - ~ r T I T - .. . rll fl .. ~-E-~-·n:--5-\..n-~- -:\ - t -~~- ~~' 
i . ... -t-+-11-t-t-1-t-i. .. , - , I l r . , ... -r +++++. -H-+-++-t ··- .. -·. ..... I _· _· _- - , .. - 6 . -
~- · 
~ - ~ . -+-++++.++ - +++++ ,,~~~ ~~~~~~~ . .. -h~ ~~-~~~ . nt- .. · ·.  .. - l .· 1L.01-+ .-i-jH ++l +++. ++--+-H-+++H-+++++-H++++H-...._1--++++-+-
: ~'- -~~~~....,...,.+-F~~IOI~+/o ... +++~-t-1- -+-1-H-t-t---t--t-,1-+-t· . - f· ~ ~: ,r-- ~: :=l:;~ ~ - . . 
~r-~ 
I .( f' 'r.',rr- i I . l::r--r .-~............ ;g 
: ~ ~ 
~ ~ _,.>} -1--1-f--+-+-t-+-~-+-- - . . . - - .. ...... t·++!-+-+ ... +""-1': "~~ r- -
~ ~ 1-H++-++++-1+++++-t·++-H-f-H-1-+++t++++++t++H-++-+-11-+-l··· -H-+-HI-+++++1-++++ ,_ .. ··i-t-t +-t-t-i-t-· - - ~ T I t-1-++H-t-t-t-+++-11-1-t-+1-f-+-H 
!~1+·~-~~~_:::_~::+-:~~=::~_ :.~:11:::~_~ ___ ~ __~ __~1~++-··~][!~-,~- ~~~- - -1~~-~~l~-~ •.~::-~-=~::~=~==~=: 
~ r 1 I ~ _, I 
a:: 6 _ _ . _ -++-t-++-+--t-t++-+-++t-+t-H++--F-ig-ur_e_l_O._A_n_te-nn_a_p_at_t_er_n _fo_r_: ....-+++ __ .. J~·-b r-- f" . -++·· -+-+. -++-H-+++-H--+-+++++++-++-+-++-f-I-+-+-I~-++-H 
+-+-tl'll-·1·+-+-t-1-+-··· __ -t _ _ __ . -1-T-t-+_+-+-_ t--rl ANTENNA. . • • • • A s r t s o 3 
1 FP~QUENCY .... ~.s 
~ ++++-+-++-H...........,.- ++H-t+H-+++~1-++t-IH-1 POLARIZATION {.VERTICAL ~ 0 
HORIZONTAL [J 
....... 1--4-+---1--+t--+++...;..4·· £LE VAV ON PLANE CUT 
-------WITHOUT RP~O~lli 
- A --WITH RADOME 




--~ · -~~ T~- ~rrr-
1 
1 Fl r 1 w·11 1 ! rr r -r ~ Tffii r I PATTERN NO. l>ATE 
. - -~ --




- ~ - -- '" -~ . -- T 
- -
- I - -~ l r - l - J 1 r T Jllr 1-W1l 
.. 
T REMAI~KS i_ 1 ~ ,r:----~ ~ 'ii"- ~ ('.; 
~--
I 0 ..l.tr- . - - .. - -- 1,.. ~ ""' ·"'-. - (I .J 0 <1:. '-- ·. 
{ --- ) ' ~ · t · 1rl - - -i - - r · - -r 1 \- ' _\ . ...-. ::> :x. ~ I : .J. .) - ~,- - - ·- 'T -Jo - - t - . r J - -~- -- -- --. .. -- -- - -
1 




-- ·- - ~ - - T - - --\2 








- - . ! ~~ I 1 ~ -~ ~I - ~ IJ .. J H~ ~~ .. , I - ·--,.. 
I ~if' S - · 




~- -.!1 - u 11: 20 J 
3: kl ~ j I I I ··- .. - -·· - .. 0 I 11.. 
I f 
0 t - - - - . . i-
~.' ~ w > .. 
- -~I - ~ -~~ I i= lA - -<( _J 
I~ 
.. 
Figure 11. Antenna pattern for: 
. .. 
- - - - -- I. -- L -
I t Tj ~~~t 
- - - . 
.. 
ANTENNA. . . . . AS T /SOJ 
- -- - -




POLARIZATION {VERTICAL . I _ 30 I 
HORIZONTAL ... . . -- .. .. - . 







T I -------WITnOUT RADOME - . -
- -- WITH RADOME - ·- ~ - 1r 
.. 1 
· -
1\,j - - ... -. - -
1 
16 
- J+l -U 0 0 l) " -1- - . ·-r l - -- - - - --- - .. J 12° I 1 tfr 
I l ~~~( - - ~j 
~} ,I -- . . - .. 
12.1 6f' 36t' ~:21° 
a· ., . ~ 
40 
ANGLE I I 
-r 1 - l T - -r ~Ill"' lll -T1n- ifl .[T1T rn PATTERN NO 
t---t-1-t-t--t-t-t-t-1"- .. ·-!- t · ·· L ~r -~ tl H l - 1 Jl. · . : lr J~ 1- ::~~:CT ~ 
- .· ~-t- f_l -· -, ·· --· r~ -~,-1il ·q--- -I T~~~ - --- ~-~~~ 1-,A_ll+ · ·-~+++-++- ~ -REM-AF~K_s_'l_t_~ -[\.: 1 I 1..,-1 J... H -i ; ~ "'-• 
I) ~ ~ <-£ ~ ~ -~ ~ 
&1\- I ~ 3 ~ .,._ ~ ~ 
---- ..., } ~ \ i-
- - - - - - -~ --- -- - - - - -- - - - - ---- - - --- iUI 1-i--H---+--+++1-+-+-+--1~~ > I \ ~- ~ J 
l - r·r -- -- r---
DATE 










- ·~- - ,- ---- . - ·. 











. - . - - -
~ I 
~ Ia -~+-1---l-++---1--+----hl-+ -lr--lf-4---+++·~-~--+--lfi~ -4-+-+-+-+-l--~-4----1-4~-+-+-+-+-+-1- - - - ~ -rl --. ~ ~~-
o . . . I 0 J( l I '. ·--r !1-+-l--1--+ --4--l4 - -+ ----+-+--+-+·---1-+-l-1-+-+++~~._._.._._.~44++-i-+-++++-++-+ • ......,_.~~~H+++++-+-+-+-++-f-+++++-1 _~ _ -+- -+-+-+-+-+--~ -+-+-_~-~----+---+-+-++-++--! Ir~t -1+-H-+--H-++-++-+_-++H_ =~~~.~-H++~~~-
3 ] - ~!--+-t-t-+-+-+-1'--+--+-++++f-+·+-t--+---l- Figure 13. Antenna pat tern for: I 
~ J l·l AIITE.'WA .•.•• fl ST I b03 ---- - - "'i Ji 
l 
I -+++-·1--t-HI-+-1-+·+++++-HY-+++-1 FREQUENCY ••• A1- o. S' I i 
3 +-++-~f--+-1-+-+-l-~-+++-++++-1--+---l--+-~-----~--+~ POLARIZATION {VERTICAL 0 --i-----+--+--~+++-+-++++30_L j+++++-i-~-+-+++++~-+-t-l--+-- -+-+--------~-H-+4-+++-H- '-+-. ++' 
HORIZONTAL ~ I I 
t-++-t-tlz"~f-t ~-+-+-----t-++-1----1--+-t---+-f-t-+- - t-1-+-++--1--J-+--1----14-+--1 /JlJ MU T H PLANE CUT - + - - - - - ~ l-
-------WITHOUT RADOME 
I ++-+-+-01--++-+-+- -~~~W---l--I-IT-+H-1>-RAD+-l-0+-H+-+--+E - J "- - -·-It -- --~ i _.. " .! 
+-+--HHHI-t-+--+++-~-I-+-,?H·-J.--j'-J.-+-+--H++-1-1------H+I--H-++++--J-+-HI--+-+--1-----l------l----WI ~--1---l----.l----+--4--'---U------l--! -- ----- - • -1--t-----t--t-++i --t-+-1-+++1- t-++-+-++-+++-+-~ r -t+++++++-t+-t-t--Hr-++-t-+++++-t-+++-1--++-jf-H-1.--++-+ 
40- :~!· ~J 36~ m -- · t:. ---- --- --J~', -- - ~ 
~-.1.....1.--1--JL.....J....I.._~__,____,__._..~-.~.7_._, l.....l-1..-1~~-LL..L.L.J.....L.L..L..I:A-:IN~~Gl~E ...J.J...L.i.J___L..LJ....LLLLJLl....l:::..::LLL...L.LJ....LLL..LLLJLl..Ll__J!_I.::I.I ..Ll....L.Ll..L.L.Lj_l__J __ 40 ~11ART NO . Ill' 
++--1-t-H-··16 

J ~ j j J J J J ) J J 
/ J ~ ~ J ~ J J J ~ ~ 
--
DATE 
5<;.1(1~Tif I C-AT LA.HTA , l,._ 
I ~ ~ j j j ) ~ . . 




- ""- _ ... -
t ~ J w ~ ~ ~ ~ ~ J ~ - . 
n 
~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ - ~ v w -
- --·--
! JJJJJJjjj; f ' •• 


- J J J j J j ~ J J j j l 
n 11 I I 
-




rnr ! ENGRS. ~ 
~M:R: 1 ~Jj,11r f I lj I II I I I I I I 
I I I ~ ~ ~ I 
IT I 
~-...o~ r: 
II I -T rr ; - . . 
!l J r I ! I i I i I ~ I ll - I T ' . ; 
I I 
I I 
I ! I I I 
! I l l I 
i I I 
I I I 0-T 1 I' I I IJl~. r r l 1 I 
l l I LTI 
~IT I 11 I ·~!r I ~ I 
I I :~lr lm ~- ---I I I + I 1111 ; II . II i 'ITIT I lj~ I I 
I 1· I ! ~ ~~ II H ~ ~W J ~ ~r:w~ I I 
1 1 1 ~1 114o, pI ~ --t+t-18;, ~4~ I II : 1(~~ ' '1 I ,J,n 1. 1] o-· ~---
CI~IIRl NO . 121 :PJCil:.NTit-IC-ATLA.NTAI , lfll 
-' - >J ..., ...,1 ...., ..-/ ._J __, ._.! -.-1 .J _/ ..; ...J .:. 

' . 
r ·· ·-- ------·-----------.. 
PAlTERN NO. DArE 
PIW.IfCf 
ENGnS. 
-:·: _· l -- -- L -~- -·..-r-~""T"r_....-· -m · - .] - - - ] f r f J tr _-
-- . __ -T . -· . _ 1 _- _  r --- -- --- ---- - -f· - -- ;y • ": a: • ~~. 
- - - _ [ - - .. -- - . . . -ll - -- - ~ ~ :t > l \ "' 
lo ~-~~~'' ,, .- 1 ~ ~< -- --- . 1 - -~--~-++++ ..+++-+ .•. f.l i _· ._ • _. y !, 
:~ - - I ~,-,~~~~/~)- ~ _ _- - _ : ::- - \~~~ ~ ,~ - ~ _~ -- - - 1 i 
-g ),./' I""~ .g 
>-' I I~ - ++t-+t-l - - - - -- - - - - - ~ ~~- - - - ':( -~ - - 1-++·f-t-t-·f-++-r+ 1-1·-1-H ++-11+-H-+-+-1 
i I b ~~/ - - --- -- --- : - -- - ~ ~ ~ ~~ ~ - -; -r 
- a:: 'I I I"" ~.~ht-t-+i-1-H-++-t-t-i-t-t-t--t +++++++H-t+-1-t-HH- ~ CY. ~0 
. ~~~~!~ :~~~ ~- -1-~+++- -=--+-++ - - j - - - - • - -~; . -. -. ·-..• - : - -:- ~-~ ~~l! : 
'f!, 'I; ~ I I ·~ 
u: Figure 26. Antenna pattern .for: ~~ 
-- ·30· 
.. - ~ - -· - - ·-
-- ~ - -- -





ELEVATION PLANE CUT u- -- ---- ~11 
-------WITHOUT RlillOHE 




H-t-i·+-t-+- - - -
l--l-+-l'-1-l-1 - 1--t-+i-f-1-+-1-i 
- ·t-t++-H++I-
.. . I 
I 
j 
.. " " . 




- . ~ ·• . - - . . . . 
I 
. . - .. ~ -
l ~.. . 
. - - .. - . 
0 2'1 - - . - . .. . .. -
I 
-- . - .. - - ,.. . .. . -
p~6r fl 1{j' ~~6_1 [731~ 
-F -ii. --+-++++++++-~~··++ ~ ++-t---l-+-1·-t-++ .... +-i_ +---~ . 
4( .J.~-C.LJHA-1..11 f.LJUO"-l... I..J-~1 ~...L..L.L..L...L...J....L..J....._.-L.............._..L.-A-I..._.C.L...&IU4...LTI.L...II<O'--'-AT..L.,l.AN~TI\.\ 
1f • • 
- ANGLE " .., ., 
.. 
.... , .. - ~ · H ·'"- - ! ~ ~-- r • • ~ ~ • o • • • ~ • • . . . .. 
j j J j j J j J _j j ) ! 






;:R~ }Jj111il I :.7 - ' L ~ :r ,, (J_ ' ~ 
T 
~ ~> . , ! 
Il l 
' q: ) : 'Vl 
- ., . ..... . 
I _ I 
I I 
I 
I .. II I 
I I 
I 1 1 I 1 
ITI 
- -
I ' 1 l 0 
~I I 1-1- h ·I . -1 l! . - -
.~_r j 
I 








01 I. I I I ~. I I I= 
IT~ ~~~ I I . t--~- ~ P-4\ r· ~ 11oa 01 I 144"' I ~ 
CHART NO. 121 8CIENTI,.IC ·ATLANTA, IN 





·- ++++t-+-+-H-f-++-1+-H- - . - -
--- - -rl 
lfj' 
l.?t 
-1-+-+-H-!-1-++-If-++-ll -+-1---1 - -
H-H++++++-+- .--1--J--J-J-+-1-.1- -~~-~--~ 
__ _I 
- ~ - - -- -- ~ -·1-++--1-+4 -< 
1 ' - T - , .. -
t 
-- -





-- ·- - - - -
A \ :0 ~t-++-+-t-t--t-
~- . i I ~ ,/ r 'j \~ \ - - . - - : ' 
~ I ; ~',. - - - - - - ~\;~ 3: i 
~+~~ K-+-+-HH(Jrt+~·~H-++-+-H-+-++-+-+--1--+++-+--Ir-+---t-~H-+-+-+-+-+-~-I--I---l--I--J--++-I--+--l-4-I-++II--+-+-~W--1 --t-+++-+-+-"' +-~-H-+-+---1---++o~, J.il\-+~--lr+- - ~ · ·1HH-+-+-I-++- I-+--H-+-++-+--+---f--+ H-1-+-4-+-IH-1-·-14-H-+-'-+--&-1·· 
~-r-• 0++-H-++++-+-t-++t--t-T-+++-H-+++-HI-++-H-H-+++--H-t-++4-H-H-+-HH+-H-H-+-H-+-H---I-I---I-+--l-++++-H-+++--I-++++~I" W-++ -H-++-+0:: I 2 0-H--f-++++-H-+-++-H--1-++-1-H++-H--1-H-++t-H--+++-H--++~ 
~ ~I, J ~o-1-.1 ~ 
~ ~ ~ N~ "~11 o + -+-1-++--14----t -+-i--ji-H-..+-+-il--l--1-~-1-+-+-+--l--1-+-4--+-1-1-+-..J-I-I -+-1--1----1--1---l- - • - - ·+-1-H-+ -f-+-+-+--1-t-+++~f-++- 1- --+-+-1".,11.6 D.,. - 2 
~tv ~ ~I'"~ 
~ r:i -~ · ~~-~~ ~ 141-t-+-H-H-+-t-H-++-1-t---H+--H-+-t--l++++t-H--HH-+-f-++++-H 
t-w 
0::: Figure 30. Antenna pattern for: 
++·H-ftil-+11-++++-tf+-t-4-H-+--H-·H--J·-ti-tH+t--t-H-t++-..--------~-----....-t 
-++-t-IHI-l++++-t-+-1·--H-H-; --H -+-++1-+-+-+-+-
ANTENNA. • • • . • As T ) ~ q 2 
FREQUENCY. . . . E 
POLL~IZATION {VERTICAL ~ 
-..J+~-+-t--1-l HORIZONTAL D 
~r -- .-1--++- -+·+ -+-. + - : - r·rl-+-+-1--11-+-1--+-+--++-+-+-++-+-+-+++-H +-t-+-1 -t-1-1-+-H-1-H-h 
~-~-+-HH-4~-~H++ +--H-~~~30· -·H~+~·MH4+-1-HH+~+H4+~H4-~~4+~-Hrt+~ 
El-E VAT JON PLANE CUT 
--~~-+++H~•+rl--+-t-++HH++~+-1-~-++-14++1 
-------WITHOUT RADOME 
- H-t-++11-H-++-H-- - - ~ 
---WITH RADOHE 
1 - . .. - .. - . - - - - . .. -~ - -
f1 lfl 
36( 17:21° 
++-+·+-lH-++t-++-H-1-·f-Hf-+··H--t+++--1-i--1-+--1-HI·+ + ++-1-H-+ +-H--1-+- 1--+ I-+- -1--+-+-H-+--H-1-1-1-+-J..-.j 
i:"· ~ .. - ..., ,, ,. - r- .- ,.. I I ,.. ,. ,.. ' ., .. e· •·1 W -~ ..., • .., _. .. • "' "' • . 

l...ll.,__ · '-''-"'-'""""'""...., ·...,.....,....,-.J _;' I , ...,.,J,J...j...;__,Jvv...l / .-- JJjjjjJJjj _, 
r- .-OI.-,.-,-! . .,......,....,'"""'T'""'T'"T"'' ~~ ~-,-,-,!- I I I I II rr ill[ t r r ~~T \ lTlT r:mT:Ti l I PATTERN NO. DAlE 
1---------...-----:-=-----{ 
I 1 ll lll >-lU~ C- 1 ~ · 




.,........--,,..-,r-.-r · -· r- - - -- -
. -
l 
· - r-.-rO ·-
I 
- . _I ;J PATTERN NO. DATE I - - ·- - .. ·- PROJECT 
ENGRS. 
- - ~ -· 
REMARKS 111 ~ ~ 
d jJj ' ,. ~ - . .. - -· ~w'X ~. 1" 
I_ 
1- 11 il.. 1 ) 
.!£. ~~ CL l ~ 
- - l 11 \0 
. .. . ·- .. - - -· .. -.. 
1-- v 1-- .. II t-1--' 1- r- "' . ~ ~ ~~~ r--~ ~v~-o-
·- 0 I 
I ~ I 
+ 
"'~ J I 1'- R.\. j - -
~~~ T ! . -· \ .. I I ... -- .. - - .. 
~ ~ ~I' ... :0 
~ ; .... .() 
~ 11 I 
\ ~ 
-~ 
">::- fi- - >-
oct: ,J:.~ \~ c( 3: /-,J ~" ~ 
z ~" 
- "-."-. w 
'D z 0 I ,. t . "-. IJ 0 0:: . ~ ~ \. I 
IJJ ,~ ~\ 
0:: ·0 












~ ~,, A I ~v ~ .,_ If, lA I 
1 r 
-
I II~J ~ I~ Figure 33. Antenna pattern for: ~ - - . - . 
t ANTENNA ...... A ST llj ~2.. I ~ FREQUENCY. . . . E' - . . - -POLARIZATION {VERTICAL 0 
I HORIZONTAL ~ 
. 30-
r. 
l'l I A&IMvrH PLANE CUT - . - .. - ·- ~ ~ - . -- •. -··-
------WITHOUT RADOME 
WITH RADOME . - . --·- - -
. ~~l 1111ruu-r+ - -- ·-- - . ·-<~- 0 -. . . -_ -..  &· f ·- -. .. ~ - . -il .. - . - . ~ 'i . I 12° ·.! 1fl 181 ~·j ,I ~ - 0 .. 
j72j 361° 172(' 08"1 
.4i; • . 7' ANGLE 
f:"' J I .!" - ~ 
CHART NO. 1.1:1 8CllllNTII'IC ·ATLANTA, I _.__........._._ . 
" ... .. .. .. .. • • ,. . .. ... "" ... '~ ..., "' "" ... .  ... - ~ ... ... .. , ,... .. , r !' ,.. ,. . , ... ... _, ~· I!" .. .. • .. .. .. - .. • • • • • --·· I 








Figure 34. Antenna pattern for: 
ANTENNA ••.••• AS T I 50 3 
FREQUENCY ••• • ..E._ 








ANGLE L.. . 
?'1 
....... __.__..._._.._3 .. ~ 
CIIAI~T "'0- 1~1 
~ 
II 
y r·Tm 1 111 PATTH<N NO. DATE 
- I I I ~~Gns. 21 'I j ) IW [11 PIIOJlcr 
I II I I ti) . " ';\ ~ ! ~ -ttf 11 I REMARKS l i i ~ 
11lrrml' ~~~·lj ~t~:; ,I lL I I ~~~ 1) Jl 
pil l I I Tl -- -' ~ ::> ', ;;, 
1i·~~ t+iti I I I I I : J • . 
12~ ft~~- ft L _L ~ I . 
:rrt 1~-+ I 
~ I I I I 
ltJ I1 1 ~ 11 It I I 1 I 
I ~~J I J II [ I 
1 1 1 n 1 I 
~ I! I 




JJl ll I i J I I -. I 
- - -
I 
W: TII I ! ~-~ i I 
11
1 J 1LWt ~c~l· + jf~l ~ ul I [ 1 j- - -
I lJ I rt f-- f- - : I . I I' iT I _LL1l I I il ~ 
1 1 ~1 I 11 1-1 ~i 0 1"-41 ~ 
1 19~ u~ I I I I : 144" ~ 
CtiA.RT NO. 121 SCJU-.TIJ'tC ·ATLA.NTA. , 1 .. 
..lJJ .JJ~ 
. ·- '-




') - l-· 







.. -2 -~4 ++·4 +1-1-1-++-·-1-++-1-
- -· - . - .. .. - .. .. . ~ 
1t ... ... .. ~ . • • - • • • • ~ • u 0 ~ • 
0 
i . l2 I 
'1 L. -
I 
TTT -U_I H l PATTERN NO. DATE 
TI' 
_ PROJECT r l jj ENGRS. 
R:MARKS J i1 ~ 1 !T1 . i! 
m 
Ji I I : tJ1J]1, lt I 
I 
~ > 1 : \4 
I .. I' . . 1' l ., . . , . . 





I I I I I 




I I. I i 
UL lj__ 1 
~ I l 
I 
I . I 
. I __ 
Il l I I nf ~M - +I I I . 1 I IT .. 0 . r i 11 
-~~~ r 
. I 
I I I I I I 
I 
I I 
irr 1 ~- ~ l H- c~ It l+r .~ 1 1 I I I[ 
I I " I : '- r-c-- c-'t ~ 
I I 181 II I ~4[' ! - i ' I lt6sj . ·· t44 'il 
o -~ 
CHART NO. 12.1 •Cif NT If fC -ATLANTA, 
n-
TI rrr - II I i i ~r 
6-
I 
i Il l PATTERN NO. DATE 
i 'I 
PROJECT 
1 rrl-+-1-r+---1-H, --.-+-++-11 ENGRS. J 
1 
. ~ ~ 
jilt , REMAhKS
1 
] itl ; 1 : ,;-- t I I •• L. :; i ~ Q_: 1 0 /t (.t- I 
I 
I I I :)- ~ a.. I u. 
I ~"-P·c...: ~ V1 :-++-+--J -+-+++-++-r---H-H--1 ct: :> ....-' ) I 
~-++-T--i-+-t--t-+-1-H-++- i I J TTT1TT . . T I 
++-,+~f.++-++t--ri-H--4-+A-H-+++++H-1--+-+-+-:--+++t--1-+++++-+-++-+-+--+-+t-+++++++++-'~t++f-+i-·i ! ! I I . II I I 
mr! ~I li ! ! I 
~~ I II III I I! I 
II I I i 
79 










'-' ........ '-" ""' ........ \,; ._, ...., - ._. ....., ........ ... ' , .,- owl v .._) owl -' ...) ...J ...J. _; .,_; _.· : ~· JJ~J.J J JJJJ 
·~~~~~ ~ ~~~~~~T,~~~, ~~T l~lrrr 11 1 - T 1 ~1 
~ I r I . . . . .. . r ' -~~ \ - I r~ Tr l. t t 
I ~ ""I I I r-. fl 
}-ll· I I 
DATE I.J I I I PATTERN NO. PROJECT 
-· I I . ENGRS. 
REMARKS v 11,:1~ r- -
";; !L 'i. . 11 .,~ 
I I 
T II <l.• Q1 , ' 'I; ~~ 
I 2~.:r.. .~ I 
. I I 
I I I I· 
c:J:. \ I 1-?j 
I . I ll n T T rT Tr- -- J I 
L I ,11ft 1tl 
I 










11 I I 
! 
I. 
I . I I I I ! 
I 
I ; 
ljJ 1 1 I I I I 




11~ I t I . i ! : -~ t L ,I - ·~~ l~HL rl ~ I I J I 
1m 1 lrll I I . I I 




II ~ J 
~~- Wl I --+ I 'i I I J ~ l j - - I I I 3·' I 4 0[ I ! ]] .-, .4-,. -~ l l'tJ .. II. II ~:4" I I 1 . - . IJ I 1, 4 ° 
CtlANT t.O . 14:.1 aCII.NTIF. IC ·AlLANT.A,IP. 




PATTERN NO. DATE 
t I PROJECT 
. . ENGRS . 
J
10+++t-H-+-i-t-H-+-+-+-H-++-+~~- I .[\. I 1/ 
l'l ' ~lflt ~J ~ -2 
H-++-14 ~JIH+++++-li+-H-1 .. -VIJ'I"~~!,~~t.~l"-t-J ~++H+t-+t+++~f-t-H-+-+-H--:--t-+H-H++++++++l+-H-H-t...J·+++-H-Hj'\f\~~~-\O.<IJI1 I )14 
U ~~~" ~,. :r I ' '~ ' ·~h 1:;, I 
:;: ~ I v, ' I ~HI6 
~ I;~ vi,. I ~I' r'l~~ ;> 
~ n ~~ .. 1--H++-t-++++++-H ~-~·~ ~ -Is 
0 !1!/. ~~~ ~~ 0 
- a:: 20H~(A'W-1·f+-H-+++-I-t-++++++-H+H-H+H-f-H-++++-l-H-++-++t-1-H-H++-+-t+I-H++-i-Hf+H-+++-1-H-+H-+-t++-t-H-H~--H.- cr. 2 
-~~~~~~~ - -1+++-H- 1-H-++-H-1--+-H-+-l- II ~~~y: ~2 
.~J- ~.l:l-~~-- L ou . II I -+-++1 -H+-t-t-t+++-+1-+ -++-H-HI·-t-1-+++-+-f-++~ H-l-t+-l-\1-~1\~ ( Jl6 ,- Figure 42. Antenna pattern for: fi 
~~·~1Jj ~i1}; I 
:f 
I- -\- :I ~ . t' 
\{l ... ' 
"" .> ) : ' T -
















.. '--" ' 
J 







T w_i I 









I 13u j 11
1 
~J 
8 ti- r ~~( I 1181 ~~u~ 
I i6a"l I I I ' 
. i 
144 ' H 
0 ' 
CHART NO. 121 8Cif.,..T I t-IC A "rLANTA, lj1 

















PATTERN NO. DATE 
H--+-1--+++-+-+-+-+- PROJECT 
ENGRS. 
~~~~~~1i:~;~AL ~ L -1~_1 -u - rrt---
- A z' M u T H PLANE CUT .·· __ · .. --_ . - ._I _- t-~-·-_ -· _· J,_. --------WITHOUT RADOME 


















'l~ol ~jo .. - rJ 
- - - - ~ - - ~ I~ A ~ • 
CttA"T NO. 121 •ciCNTfFJC -ATLANTA, IN 
~ ~ . . . . . . . . . . . . . . . . . . 
I Tl-~T: ·, r·::TTITl1nrnm ·rnl rmr TT1_ HHI1 r:_-:-;TTr·:- T'l T r_rr 
i ·r ririf ' j.!i [ 1 F~L- iT i rrrlq· j _ HilT ·· ·II r f1 1 l l l'i1 ij·· r I 
1_
1




1 _  U j_ _ _ _ d ______ _ 
I :it ' I ! ! I ~ I ! I' I I ~ l ' L, 1) I I I I I ! I I . ! II I lL ' 
-+ 
II 
mj: 1_ ,, , ,, / , l l l' i_:~ ~~ ~ ~ ~ l ! i! ! '_ I,, ' ~~' I ~ , . + . ! ' Itt' . ,, , . -1 • , , '-1 . , 11 . , _I . 1 , I 1 
~tJJ f+ l- H~[$+_ B J_-+_ Tiit u ~ij +t't ml ' -L r~ l . jtH Ii~~ ..;Jk~lli J1V'J rr _lr II 1:_ -~1J__ t-f t----11_1lL _ I J -j-L~- _ ~l ~ -Hil~ I il' l I i I I ~ ~ Vi I I I ill' I I . I I ! i ! I II I I I I 
1~ ~~M~ ll ~hi L~-TlJ TILt r ~iJ _ r :~ ~J ~f- 11 ~ J 
k ·L~jfj ft l ~ 1 ! ~-~ - ~ 1 1 I I 1 ~H, f~ -~~T~- f ll-ir -r 
J l11 -1· ' 'I I _I_ . J I Figure 44. Antenna pattern for: _ -___ . 
IJ ll'_l . . I . 1_ ANTENNA. 0 0 0 0 ~ ST Jlt ~ 2 J L 
11 I ! , , It I · FREQUENCY ... _ I 





: POLARIZATION { ~~~~~g~AL ~ , 1_ J~~~ 
-2:-- _ I I I 11 - ELEVfiTIOtVPLANE CUT .J ,_d 
I I! I l I ' ------WITHOUT R.ADOME I I 
!4~ i-L ~I ' { . . WITH RADOME - -
J 1 1~~ t Jl {j~ I . -r t r f it tllijt~ +f 1 :J1j 11 1 1712f I I 31~" . • l II ITI I316~" I ili I I I 
n ANGLE 
'1. L \... ~ \.. - \. , - \......... ~ '--r '--r """ .._ ,__. .._., '-' "-' .._., .._., ...._, <W 
,. J.JjJ)J.J)).) 
N I 
























. - - 0 -..,.-,-- -
.. PATTERN NO . DIH E 
- - - -. -- -. - -- - ~ - - r-- - - - - . -· - -- .. 2 - .. - _ PROJECT 
ENGf-<S. 
- - - •. - I 
REMARI<S t ~ _ ~p ~~ I~ ~~ "l ---- ""'~ ~ ,J. l.t~ !fh ~orr"' ~~~ ('(} (l. . j (I -:9 
vi\ -
- .• 6 ~~ ~~J .111~ - ~ ~-~~ ~ 
I 
_, - 1\ - - fl · Q: ~::s I ~ 
~~~ ~~ t 
I ' I 
~ r-.~'--h I .... ~- TT Tl - - . -l,i' I~ v 0 .. 
~~~ 
- -1-
t I r ' ... ~~ . - - - ... . - - -12 . -
~~ \ 
- ~ .. - . - - - 4-- . -











<( .,. ~ 
~ ~~~ ~ I \~ 3: - w -a .. .. , w . -z ~~ ~~ z 0 0 
0:: 0 -
~ 












- -ft jji- - - Cl.. -~ -- --w II ~~ · hi ~~~~ I J I_·_ > ,, -- .. ., t --- -
~tl 
- ..J.. . . . . - -· 
I 
· · Figure 46. Antenna pattern for: 
if ··  
.. 
l 
... - - ~ -· · ~ - - -. ··- .. - -- -
I ANTENNA ..... AST JS03 .L. -8 . - ···-
FREQUENCY ••• :JL -. - . - - . f-- .. .. -· -
~ 
II I ]_ Lj POLARIZATION {VERTICAL ~ - J ·30 1 I · 3D-- .. 
~ r HORIZONTAL 




£LEYATION PLANE CUT -- -- - ·-- -
. -I 
-- 1- -- . 
-------WITHOUT RADOME 
f 
WITH RADOME j_ - ->- -- .. . - .. 
- 6~ 0 
. .. 
- ~ --
I :i if- -- - - - - - - . . - 1-- -I 1{ I I 0 1 I 0 
f 
_I -fl W· - - -- - - - - ---- -. -- - .. - -- flll1t l 1_12" 61 fl j_ _ 11?-f I I 13' 0 lJJo ... j,o j72l 6j I~ .U?li. II - C fiANT N O . 12:1 8CiaNTII'"IC -ATLAHTA. , H 
( ~ ( ~ c c 5 d ~ ~ • • • • • • • • • • 
++--+--1f--i..t'hl-+~-+-++-t+-+--:--+ -'- H-+++++++H-+++++-+- - --
lA 










I -i---+~-+-+-j 1 ~· . L_ .. 
- -j-l-+-1--l---l--+--.J---1---1. +I~ -- t-+-+-+-t-+-1 
' . ·-








CONCLUSIONS AND RECOMMENDATIONS 
The patterns presented in this report were measured on a "quick turn 
around" basis and therefore, are limited in the number of operational 
frequencies. However, the frequencies selected are representative operating 
frequencies which span the frequency range. It is recommended, however, 
(1) that the measurements be extended to cover the entire operating 
frequency range in finer frequency increments for the selected antennas 
as well as any other antennas that might be incorporated into the system, 
(2) that the effects of more than one radome be examined at the higher 
frequencies, (J) that the polarization purity be spot-checked at several 
frequencies, (4) that the VS~{R of each antenna with and without radomes 
be measured, and (5) that a uniform set of specifications be devised for 
specifications of future antenna purchases. Items 1-4 would show which 
antennas meet current specifications and should be incorporated into the 
present system, and Item 5 ~vould assure that these problems do not arise 
again. 
